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Abstract. We developed an algorithm for quickly searching sequences of
hierarchically structured data, such as tagged corpora where each word

includes information on its part of speech (POS) and minor POS and
the word itself. Using our method, we first make a data item where each

data item in a lower level is surrounded by two data items in a higher

level. We then connect these data items to make a long string and store

the string in a database. We use suffix arrays to query the database.
Our experiments showed that our method was 194 times faster than

a conventional method at fastest and 24 times faster on average. Our

method can be used for other kinds of hierarchically structured data,

such as Web applications. Methods that can be used on such data are in

high demand. For example, our method can be used to retrieve Web text

that includes hierarchical information of low, middle, and high semantic

levels. If we use our method for such Web text, we can query using the

terms, "High semantic level: method", "Word: in", and "Low semantic
level: group"; in other words, our retrieval method is more useful and

convenient than conventional Web retrieval.

1 Introduction

We developed an algorithm for quickly searching sequences of hierarchically

structured data.3 For example, in the Kyoto Text Corpus [1], each word has
information on its part of speech (POS) and minor POS and the word itself.

(A minor POS is a more specific POS.) The POS, minor POS, and word can

be considered data of the highest layer, the second-highest layer, and the low-

est layer. Hierarchically structured data, as explained below, has data from the

lowest to the highest layers. The Kyoto Text Corpus has such a structure, so it

can be considered to be sequences of hierarchically structured data. The algo-

rithm we propose is for quickly searching sequences of such data. Our algorithm

3 We obtained a Japanese patent for the algorithm.
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Table 1. Example of sequences of hierarchically structured data.

Word Minor POS POS

The

technology
lin

Japan

definite article article

|common noun noun

preposition particle

|proper noun noun

is copula verb

can be used not only for the Kyoto Text Corpus, but also for any sequences of
hierarchically structured data.

An application of our algorithm is to search sequences of hierarchically struc-

tured data, such as a tagged corpus where each word includes information on its

POS and minor POS and the word itself, as mentioned above. Our algorithm is

useful for quickly searching a natural language processing system that uses such
a tagged corpus. Linguists or users (i.e., learners) that would like to use linguis-
tic information would want to quickly search the database using grammatical
information such as POSs as mentioned above. Our algorithm is also useful for

this case. Our method can be used for other kinds of hierarchically structured
data, such as Web applications. Methods that can be used on such data are in

high demand. For example, our method can be used to retrieve Web text that

includes hierarchical information of low, middle, and high semantic levels. If we

use our method for such Web text, we can query using the terms, "Higher se-
mantic level: method", "Word: in", and "Low semantic level: group"; in other
words, our retrieval method is more useful and convenient than conventional
Web retrieval.

2 Algorithm

2.1 How to store data in a database

In our algorithin, we use suffix arrays [2] for retrieval. We can perform fast
searches by storing data in a database in a special form.

Data are stored in the following form. In our algorithm, we first create a data
item where each data item in a lower level is surrounded by a pair of higher-level

data items. We then connect these data items to make a long string and store the

string in a database. We make indexes for fast searches by using suffix arrays.
For example, assuming that we were going to store the sentence in Table 1 in a

database, we would first transform the word "The" into the appropriate form for

the database. For this data item, the lowest level data is "The", and the second
lowest data level is "definite article", so we put "definite article" on both sides of

"The" and obtain the expression "definite article:The:definite article". We use

":" as a boundary between the data items. The third lowest data item is "article",

"article" on both sides of "definiteso we put article:The:definite article" and
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/None:None:The:None:None/

Abstraction:Method:technology:Method:Abstraction/

None:None:in:None:None/

Group:Country:Japan:Country:Group/
None:None:is:None:None/

In the data, we can retrieve a query using the terms, "Semantic level 2: Method",

"Word: in", and “Semantic level 1: Group"; that is, we can retrieve the semantic

query of "Method in Group". In this case, we complement the query with some

data items using our knowledge of hierarchical thesauruses such as WordNet [3]

and make the string "Method: Abstraction/None:None:in:None:No
ne/Group".

By using this string, we can make the query using a one-time retrieval.

5 Conclusion

We developed an algorithm for quickly searching sequences of hierarchically

structured data, such as a tagged corpus where each word includes i
nformation

on its part of speech (POS) and minor POS and the word itself. To determine

the effectiveness of our method, we experimented to compare the retrieval time

of our method with that of a conventional method. The conven
tional method

was the method dividing the query into two parts, makin
g the first retrieval

using one of the two parts, and checking whether each of the results in the first

retrieval included the other part or not. The experimental results sho
wed that

our method was 194 times faster than the conventional met
hod at fastest and

24 times faster on average. We also found that our method is especially effective

when the number of items output using the first retrieval is large.

Our algorithm can be used for other kinds of sequences of hierarchically

structured data. We showed sequences of hierarchically structured data where

each word has a higher semantic label and a lower semantic label and described

how to transform a sequence of such data into a string to store the data in a

database.

Our technique for putting semantic information into text can be used for

Web text. Our method can therefore be used for Web retrieval, which is in

high demand. If we use our method for Web text, we can query using the terms,

"Semantic level 2: Method", "Word: in", and "Semantic level 1: Group"; inother

words, our retrieval method is more useful and convenient than conventional Web

retrieval.
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